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Tumor markers as an entry for SARS-CoV-2 infection?
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Coronavirus disease 2019 (COVID-19), the highly contagious illness caused

by a novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2), has spread across the globe, becoming one of the most challenging pub-

lic health crisis of our times. SARS-CoV-2 can cause severe disease associ-

ated with multiple organ damage. Cancer patients have a higher risk of

SARS-CoV-2 infection and death. While the virus uses angiotensin-con-

verting enzyme 2 (ACE2) as the primary entry receptor, the recent experi-

mental and clinical findings suggest that some tumor markers, including

CD147 (basigin), can provide an additional entry for SARS-CoV-2 infec-

tion through binding to the viral spike (S) protein. In the absence of speci-

fic viral drugs, blocking of CD147 might be a way to prevent virus

invasion. Identifying other target proteins is of high importance as target-

ing the alternative receptors for SARS-CoV-2 might open up a promising

avenue for the treatment of COVID-19 patients, including those who have

cancer.

Introduction

Coronavirus disease 2019 (COVID-19), the illness

caused by a novel severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), has spread across the

world, becoming one of the leading causes of death in

some places [1,2]. The clinical manifestation of

COVID-19 infection includes pneumonia, respiratory

illness, gastrointestinal and neurological symptoms,

and multiple organ damage [3–7]. In addition to the

direct invasion, the immune hyperactivation substan-

tially contributes to the COVID-19 toxicity [7,8]. As

the number of COVID-19 infections surpassed 15 mil-

lion globally and more than 600 000 infected people

have died, according to the World Health

Organization (WHO) report [9], scientists are strug-

gling to understand the viral tropism better and

develop the therapeutic approaches for preventing

virus infection.

Cancer patients belong to a high-risk group for

SARS-CoV-2 infection, having a more severe course of

the disease and a high case fatality rate [10–14]. It can
be partially attributed to the older age and the weak-

ened immune system of cancer patients as a conse-

quence of treatment and the immunosuppressive

tumor effect [13,14]. However, no conclusive evidence

is yet available explaining the susceptibility of the

oncology patients to SARS-CoV-2 infection.
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Invasion by SARS-CoV-2 and tumor
marker expression: causality or
coincidence?

The SARS-CoV-2 belongs to b-coronavirus genera

and contains a single-stranded, positive-sense RNA

genome encoding four structural proteins, including

spike (S), nucleocapsid (N), membrane (M) and

envelope (E), and several accessory proteins. Coron-

avirus spike (S) protein mediates the receptor binding

of the cell surface and induces the fusion of viral and

cellular membranes followed by viral genome entry

into human target cells [15]. Analyses of the SARS-

CoV-2 genome indicated that the virus uses angioten-

sin-converting enzyme 2 (ACE2) as the entry receptor

[16] that was later confirmed by functional studies of

SARS-CoV-2 infection in the hACE2 transgenic mice

models [17]. Single-cell RNA sequencing provided evi-

dence that multiple organs with high ACE2 expres-

sion, including respiratory tract, lung, esophagus,

liver, colon, heart, kidney, ileum, rectum, and stom-

ach, might be vulnerable to SARS-CoV-2 infection

[18].

Of note, several types of malignant tumors have

high ACE2 expression levels, including colon, kidney,

pancreatic, and rectal cancer, which can potentially

suggest a higher COVID-19 prevalence for patients

with these types of malignancies (Fig. 1A,B). The

ACE2 protein was found to be highly expressed in

lung adenocarcinoma (LUAD) and lung squamous cell

carcinoma (LUSC) [19] that can be associated with a

high susceptibility of lung cancer patients to SARS-

CoV-2 Infection. On the other hand, cells expressing

low ACE2, such as immune cells, can also be poten-

tially infected by SARS-CoV-2 as it was shown for

SARS-CoV, suggesting that other receptors may facili-

tate the virus entry [20,21]. In support of this hypothe-

sis, recent studies showed that another cell surface

protein CD147 could potentially bind to SARS-CoV-2

spike protein and serve as an additional infection route

[16] (Fig. 1A,C).

Cluster of differentiation 147 (CD147) also termed

basigin (BSG), or extracellular matrix metallopro-

teinase inducer, is a transmembrane glycoprotein with

pleiotropic functions that is overexpressed in a broad

range of malignant tumors and serves as a promising

prognostic biomarker for glioblastoma, colorectal,

oral, lung, prostate, and many other types of cancer

[22]. CD147 has a substantially higher transcription

level in both normal and tumor tissues than ACE2

(Fig. 1B). Furthermore, CD147 plays a role in the

inflammatory response as a receptor for cyclophilin A

(CyPA), a potent chemotactic factor for inflammatory

leukocytes and activator of the intracellular antiviral

response [22]. The CD147-interacting partners, such as

integrins, which are also abundant in many types of

cancer, are additional candidate receptors for SARS-

CoV-2 entry. Still, experimental proof for this hypoth-

esis is required [23] (Fig. 1A,B).

Cluster of differentiation 147 represents a promising

target for anticancer therapy. Treatment of unre-

sectable hepatocellular carcinoma with 131I-labeled

CD147-specific antibody metuximab (Licartin) com-

bined with transcatheter arterial chemoembolization

showed promising safety and efficacy (NCT00829465).

The safety and clinical activity of CD147-targeting

CAR-T treatment are currently analyzed in phase I

clinical trials for patients with recurrent glioblastoma

(NCT04045847) and advanced hepatocellular carci-

noma (NCT03993743).

A study of Wang et al. posted on BIORxiv showed

that CD147 could provide a new entry for SARS-

CoV-2 infection. In vitro experiments showed that

blocking of CD147 on the surface of African green

monkey kidney cells (Vero E6) by meplazumab, a

humanized anti-CD147 antibody inhibited SARC-

CoV2 replication [16]. According to the preprint report

on clinical trial study NCT04275245, meplazumab

improved the outcome of patients with COVID-19-as-

sociated pneumonia with a favorable safety profile

[24]. Of importance, meplazumab does not only target

the virus replication but also attenuates T-cell chemo-

taxis induced by CyPA and therefore inhibits COVID-

19-associated inflammation [24].

However, more evidence is warranted to understand

the possible correlation between the expression level of

CD147 in cells or tissues and SARS-CoV-2 susceptibil-

ity. We also need to consider that the most lethal

transmission route of SARS-CoV-2 is a lung and bron-

chial infection. In contrast, the viral concentration in

blood is low [25], and the amount of viral particles

that reach each organ through the blood is different.

Moreover, in addition to the direct invasion, SARS-

CoV-2 might damage multiple organs through collat-

eral effects from cytokine overproduction and clotting.

At present, there is no effective treatment method

for COVID-19 patients except for a broad-spectrum

antiviral medication such as remdesivir (GS-5734)

(NCT04365725, NCT04292899). In the absence of

specific drugs for SARS-CoV-2, humanized anti-

CD147 antibodies such as meplazumab can potentially

function as antiviral drugs to block the CD147-spike

protein complex formation and prevent the virus from

entering the host cell.
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Conclusions

All in all, the preliminary experimental and clinical

findings suggest that targeting the alternative receptors

for SARS-CoV-2 spike proteins might open up new

treatment options for COVID-19 disease, and there-

fore, identifying other target proteins is of high impor-

tance. The CD147-targeting therapy showed promise

in the clinical trial. Further large-scale clinical studies

are anticipated to validate it as a potential treatment

of SARS-CoV-2-infected patients, including those who

have cancer.

Acknowledgements

Open access funding enabled and organized by Projekt

DEAL.

Conflict of interest

The authors declare no conflict of interest.

Author contributions

PX and AD conceived of the presented idea. PX and

AD analyzed the literature, wrote the paper, and

approved the final version of the manuscript.

References

1 Woolf SH, Chapman DA, Sabo RT, Weinberger DM &

Hill L. (2020) Excess deaths from COVID-19 and other

causes, March-April 2020. JAMA, 324, 510.

2 Magnani C, Azzolina D, Gallo E, Ferrante D &

Gregori D (2020) How large was the mortality increase

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n Tumor tissue 
Normal tissue

ACE2

Tumor tissue 
Normal tissue

CD147/BSG

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

A B

C SP CD147 SP-CD147 complex

Fig. 1. (A) Tumor cells overexpress potential SARS-CoV-2 receptors. (B) The gene expression profile across all tumor samples and paired

normal tissues. The data are obtained using Gene Expression Profiling Interactive Analysis based on The Cancer Genome Atlas (TCGA) data.

Relative gene expression is shown as transcripts per kilobase million (TPM). TCGA Study Abbreviations: ACC, adrenocortical carcinoma;

BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical

adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma;

ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe;

KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade

glioma; LIHC, liver hepatocellular carcinoma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG,

pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin

cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma;

UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma. (C) Predicting the complex of the host cell protein CD147 and

coronavirus spike protein (SP) using the Hex 8.0 docking approach. BSG protein structure was downloaded from RCSB Protein Data Bank

(PDB code: 3B5H). Based on homologous modeling, a PDB formatted file containing the predicted structure of coronavirus SP was generated

by PHYRE2 software (http://www.sbg.bio.ic.ac.uk/phyre2) [26]. The tentative BSG-SP docking was displayed using the HEX 8.0 program

[27,28]. 3D model of BSG and SP interaction was analyzed by HEX 8.0 with fast Fourier transform (FFT) algorithm using the following

parameters: Correlation type—Shape + Electro+DRAS; FFT Mode—3D; Post-processing—none; Grid dimension—0.6; Solutions—2000;

Receptor range—180; Ligand range—180; Twist range—360; Distance range—40.

3679The FEBS Journal 287 (2020) 3677–3680 ª 2020 The Authors. The FEBS Journal published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies

P. Xia and A. Dubrovska Tumor markers as an entry for SARS-CoV-2 infection

https://doi.org/10.2210/pdb3B5H/pdb
http://www.sbg.bio.ic.ac.uk/phyre2


directly and indirectly caused by the COVID-19

epidemic? An analysis on all-causes mortality data in

Italy. Int J Environ Res Public Health 17, 3452.

3 Ellul MA, Benjamin L, Singh B, Lant S, Michael BD,

Easton A, Kneen R, Defres S, Sejvar J & Solomon T

(2020) Neurological associations of COVID-19. Lancet

Neurol. S1474-4422(20)30221-0.

4 Mao R, Qiu Y, He JS, Tan JY, Li XH, Liang J, Shen

J, Zhu LR, Chen Y, Iacucci M et al. (2020)

Manifestations and prognosis of gastrointestinal and

liver involvement in patients with COVID-19: a

systematic review and meta-analysis. Lancet

Gastroenterol Hepatol 5, 667–678.
5 Zheng Y, Wang L & Ben S (2020) Meta-analysis of

chest CT features of patients with COVID-19

pneumonia. J Med Virol. doi: 10.1002/jmv.26218

6 Zhang L, Wang DC, Huang Q & Wang X (2020)

Significance of clinical phenomes of patients with

COVID-19 infection: a learning from 3795 patients in

80 reports. Clin Transl Med 10, 28–35.
7 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang

L, Fan G, Xu J, Gu X et al. (2020) Clinical features of

patients infected with 2019 novel coronavirus in

Wuhan, China. Lancet 395, 497–506.
8 Mehta P, McAuley DF, Brown M, Sanchez E,

Tattersall RS, Manson JJ & Hlh Across Speciality

Collaboration, U. K (2020) COVID-19: consider

cytokine storm syndromes and immunosuppression.

Lancet 395, 1033–1034.
9 Coronavirus disease (COVID-2019) situation reports,

The World Health Organization (WHO). Situation

report - 185.

10 Desai A, Sachdeva S, Parekh T & Desai R (2020)

COVID-19 and cancer: lessons from a pooled meta-

analysis. JCO Glob Oncol 6, 557–559.
11 Liang W, Guan W, Chen R, Wang W, Li J, Xu K, Li

C, Ai Q, Lu W, Liang H et al. (2020) Cancer patients

in SARS-CoV-2 infection: a nationwide analysis in

China. Lancet Oncol 21, 335–337.
12 Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan

YQ, Akdis CA & Gao YD (2020) Clinical

characteristics of 140 patients infected with SARS-CoV-

2 in Wuhan, China. Allergy 75, 1730–1741.
13 Addeo A & Friedlaender A (2020) Cancer and

COVID-19: unmasking their ties. Cancer Treat Rev

88, 102041.

14 Robilotti EV, Babady NE, Mead PA, Rolling T, Perez-

Johnston R, Bernardes M, Bogler Y, Caldararo M,

Figueroa CJ, Glickman MS et al. (2020) Determinants

of COVID-19 disease severity in patients with cancer.

Nat Med 26, 1218–1223.
15 Tang T, Bidon M, Jaimes JA, Whittaker GR & Daniel

S (2020) Coronavirus membrane fusion mechanism

offers a potential target for antiviral development.

Antiviral Res 178, 104792.

16 Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W,

Song H, Huang B, Zhu N et al. (2020) Genomic

characterisation and epidemiology of 2019 novel

coronavirus: implications for virus origins and receptor

binding. Lancet 395, 565–574.
17 Bao L, Deng W, Huang B, Gao H, Liu J, Ren L, Wei

Q, Yu P, Xu Y, Qi F et al. (2020) The pathogenicity of

SARS-CoV-2 in hACE2 transgenic mice. Nature, 583,

830–833.
18 Qi F, Qian S, Zhang S & Zhang Z (2020) Single cell

RNA sequencing of 13 human tissues identify cell types

and receptors of human coronaviruses. Biochem

Biophys Res Commun 526, 135–140.
19 Kong Q, Xiang Z, Wu Y, Gu Y, Guo J & Geng F

(2020) Analysis of the susceptibility of lung cancer

patients to SARS-CoV-2 infection. Mol Cancer 19, 80.

20 Gu J, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y,

Zou W, Zhan J, Wang S, Xie Z et al. (2005) Multiple

organ infection and the pathogenesis of SARS. J Exp

Med 202, 415–424.
21 Radzikowska U, Ding M, Tan G, Zhakparov D, Peng

Y, Wawrzyniak P, Wang M, Li S, Morita H,

Altunbulakli C et al. (2020) Distribution of ACE2,

CD147, CD26 and other SARS-CoV-2 associated

molecules in tissues and immune cells in health and in

asthma, COPD, obesity, hypertension, and COVID-19

risk factors. Allergy. doi: 10.1111/all.14429

22 Landras A, Reger de Moura C, Jouenne F, Lebbe C,

Menashi S & Mourah S (2019) CD147 is a promising

target of tumor progression and a prognostic

biomarker. Cancers 11, 1803.

23 Sigrist CJ, Bridge A & Le Mercier P (2020) A potential

role for integrins in host cell entry by SARS-CoV-2.

Antiviral Res 177, 104759.

24 Bian H, Zheng Z-H, Wei D, Zhang Z, Kang W-Z, Hao

C-Q, Dong K, Kang W, Xia J-L, Miao J-L et al. (2020)

Meplazumab treats COVID-19 pneumonia: an open-

labelled, concurrent controlled add-on clinical trial.

medRxiv.

25 Wu J & Zha P (2020) Association of COVID-19 disease

severity with transmission routes and suggested changes

to community guidelines. SSRN Electronic J. Preprints

2020, 2020030246

26 Kelley LA, Mezulis S, Yates CM, Wass MN &

Sternberg MJ (2015) The Phyre2 web portal for protein

modeling, prediction and analysis. Nat Protoc 10, 845–
858.

27 Ritchie DW, Kozakov D & Vajda S (2008) Accelerating

and focusing protein-protein docking correlations using

multi-dimensional rotational FFT generating functions.

Bioinformatics 24, 1865–1873.
28 Macindoe G, Mavridis L, Venkatraman V, Devignes

MD & Ritchie DW (2010) HexServer: an FFT-based

protein docking server powered by graphics processors.

Nucleic Acids Res 38, W445–W449.

3680 The FEBS Journal 287 (2020) 3677–3680 ª 2020 The Authors. The FEBS Journal published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies

Tumor markers as an entry for SARS-CoV-2 infection P. Xia and A. Dubrovska

https://doi.org/10.1002/jmv.26218
https://doi.org/10.1111/all.14429

	Outline placeholder
	febs15499-aff-0001
	febs15499-aff-0002
	febs15499-aff-0003
	febs15499-aff-0004
	febs15499-aff-0005

	 Intro�duc�tion
	 Inva�sion by SARS-CoV-2 and tumor marker expres�sion: causal�ity or coin�ci�dence?
	 Con�clu�sions
	 Acknowl�edge�ments
	 Con�flict of inter�est
	 Author con�tri�bu�tions
	febs15499-bib-0001
	febs15499-bib-0002
	febs15499-fig-0001
	febs15499-bib-0003
	febs15499-bib-0004
	febs15499-bib-0005
	febs15499-bib-0006
	febs15499-bib-0007
	febs15499-bib-0008
	febs15499-bib-0009
	febs15499-bib-0010
	febs15499-bib-0011
	febs15499-bib-0012
	febs15499-bib-0013
	febs15499-bib-0014
	febs15499-bib-0015
	febs15499-bib-0016
	febs15499-bib-0017
	febs15499-bib-0018
	febs15499-bib-0019
	febs15499-bib-0020
	febs15499-bib-0021
	febs15499-bib-0022
	febs15499-bib-0023
	febs15499-bib-0024
	febs15499-bib-0025
	febs15499-bib-0026
	febs15499-bib-0027
	febs15499-bib-0028


